Introduction: The procedural findings and clinical outcome of second-generation
| INTRODUCTION
Pulmonary vein (PV) isolation has become an established treatment of drug-resistant atrial fibrillation (AF). 1, 2 The variability of PV anatomy might explain to some extent the occurrence of PV reconnection after catheter ablation. The incidence of anatomic variants has been reported at 18.7% to 38% among patients undergoing AF ablation. Recently, the second-generation cryoballoon (CB2) ablation has been widely used as an alternative ablation technique to point-by-point radiofrequency (RF) ablation. 3, 4 However, the effect of the anatomical variants on procedure parameters and clinical outcomes of CB2 ablation is still unclear. In the current study, we sought to investigate the clinical usefulness of the CB2 in patients with variant PV anatomy.
2 | METHODS
| Study population
Between 
| Computed tomographic scanning
All patients underwent a preprocedural CT scan to evaluate the detailed LA and PV anatomy. Scans were performed using a 64-slice spiral CT system (GE Healthcare, Milwaukee, WI). An 80-mL bolus of nonionic contrast medium iohexol was injected via the antecubital vein and flushed with 40 mL of saline by using a power injector at a rate of 5 mL/s. After that, the scanning was initiated at the time that the CT value of aortic root increased to 100 Hounsfield units. The images were transferred to a stand-alone workstation (Deep Blue; GE Healthcare, Little Chalfont, UK) for reconstruction, measurement, and analysis. Cardiac CT scan was reconstructed using the series of 0.8-mm slice thickness.
| CT image analysis and definition of PV variations
The ostium was defined as the point of inflection between LA wall and PV wall in multiple planes. Nonvariant PV anatomy was defined as the presence of single left and right superior and inferior PVs draining into the LA without any accessory veins. If the previous criteria were not met, PV anatomy was attributed to variant PV group. A common PV ostium was defined as a coalescence of superior and inferior PVs more than or equal to 5 mm before the insertion into the LA. 5 The accessory PV was defined as extra vein with an independent ostium, separating from the superior and inferior PVs.
The top vein was defined as the accessory PV that drained into the roof of the LA. The strictly perpendicular plane to the PV ostium was used to measure the maximal diameter as previously described. 6 
| CB2 ablation procedure
The procedure was performed as previously described. 
| Postcryoablation care
All patients were continuously monitored with electrocardiogram telemetry after the intervention and underwent postprocedure TTE before hospital discharge to rule out pericardial effusion. Oral anticoagulation was prescribed for at least 2 months and all patients were treated with proton-pump inhibitors for 1 month. Femoral pseudoaneurysm, arteriovenous fistula, and retroperitoneal hematoma were defined as peripheral vascular complications.
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| Follow-up
After discharge from the hospital, patients were scheduled for a follow-up visit at 1, 3, 6, and 12 months and in 6-month intervals thereafter. For each visit, 24-hour Holter ECG recordings were performed to evaluate the atrial arrhythmias. Additional ECG or
Holter monitoring was performed if symptoms were present. Three months after the index procedure was considered as the blanking period. Recurrence was defined as any documented atrial episodes with a duration longer than 30 seconds.
| Statistical analysis
Continuous variables were described as a mean ± standard deviation and categorical variables were expressed as percentages. Categorical variables were compared using χ 2 analysis and continuous variables were compared using the Student t test. If a normal distribution could not be assumed, the Mann-Whitney U test was used. A two-tailed value of P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 19.0 (SPSS Inc, Chicago, IL).
3 | RESULTS
| Baseline characteristics
According to the CT images, 306 of 424 (72.2%) patients were determined to have nonvariant PV anatomy while 118 (27.8%) had variant PV anatomy. The baseline characteristics are described in Table 1 .
| Variant PV anatomical characteristics
In the 118 cases, the total number of variants was 123 ( Table 2 ).
The most common anatomical variant was accessory PV. Right 
| Procedural results
Procedural parameters are displayed in Table 3 . PV isolation was successfully achieved in all patients in the three groups with low rates of need for touch-up ablation: 4.7% for common PV group, 4.0% for accessory PV group, and 3.9% for the nonvariant group (P = 0.974). Total procedure time was longer in the accessory PV group in comparison with nonvariant PV group (53.7 ± 12.9 vs 49.5 ± 8.8 minutes; P < 0.001), while there was no significant difference between common PV and nonvariant PV groups (50.5 ± 8.0 vs 49.5 ± 8.8 minutes; P = 0.502). There was a significant difference in fluoroscopy time between the three groups (P = 0.016). There was a higher number of applications required per patient to achieve PV isolation in the accessory PV group compared with the nonvariant PV and common PV groups (7.5 ± 2.1 vs 6.5 ± 1.6, P < 0.001; 7.5 ± 2.1 vs 6.8 ± 1.4, P = 0.027, respectively). No significant differences in time to isolation and nadir temperature were observed between the three groups.
T A B L E 1 Baseline characteristics between the three groups
Nonvariant group, n = 306 Common PV group, n = 43 Accessory PV group, n = 75 P Male, n (%) 220 (61. anatomy. PV isolation is difficult to achieve during CB2 ablation of large common PV. In the current study, segmental ablation approach was used to avoid deep seating of the CB2. We did not pursue complete occlusion of common PV. It was acceptable to have a leak during the CB of common PV. The CB2 could create a lesion where it was in contact with the PV antrum as evidenced by corresponding voltage-mapping recording. 16, 17 The wide antral lesion has been proven to be attributable to the freedom of AF recurrence. 18 
| Safety performance
PN injury is one of the most concerning complications of CB2 ablation, especially for the right-sided PVs. 19, 20 In our study, the RMPV was the most common anatomical variant which was seen. There was no significant difference in the incidence of PN injury between variant PV vs nonvariant PV anatomy. Therefore, CB2 ablation in the setting of the variant PV appears to be effective and safe.
| Study limitations
The study was limited by its retrospective single-center design. Only 10% of total patients had a common ostium in this study. Further randomized studies with a large sample of patients may be needed to confirm our findings. Moreover, our study did not use threedimensional mapping systems to evaluate the antral lesion created by the CB2 ablation.
| CONCLUSION
Variant PV patterns are common in a population undergoing ablation for drug-resistant AF. Although procedure time and the number of applications required to achieve PV isolation with the CB2 ablation are slightly increased, CB2 appears to be a safe and effective strategy in patients with variant PV anatomy.
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